We use the dipole model to analyze the inclusive DIS cross section data, obtained from the HERA I+II measurements [1] . We show that these combined data are very well described within the dipole model framework, which is complemented with a valence quark structure functions. Our motivation is to investigate the gluon density with the BGK dipole model [2] as an alternative to the PDF approach. BGK dipole model uses for evolution the DGLAP mechanism in the kt factorization scheme (in contrast to the collinear factorization for PDFs). We confirm our results from the previous paper [3] with old HERA data [4] . In addition we also performed a first, preliminary investigation of saturation. The analysis was done in the xFitter framework [5, 6, 7, 8, 9] .
Introduction
HERA inclusive and diffractive DIS cross sections are very well described by the dipole models [2, 10, 11, 12] . Interest in the dipole description emerge from the fact that dipole picture provides a natural description of QCD reaction in the low x region. Due to the optical theorem, dipole models allow a simultaneous description of many different physics reactions, like inclusive DIS processes, inclusive diffractive processes, exclusive J/ψ, ρ, φ production, diffractive jet production, or diffractive and non-diffractive charm production. In the dipole picture, all these processes are determined by the same, universal, gluon density [14, 13, 15, 16, 17] . The direct connection between the dipole production and gluon density is particularly clearly seen in the exclusive J/ψ production. Another important application of the dipole description is the investigation of the gluonic high density states. These can be characterized by the degree by which a dipole is absorbed or multiply scattered in such states. The states with the highest gluon densities are produced today in the high energy heavy ion scattering at RHIC and LHC.
Formalism
In the dipole picture the deep inelastic scattering is viewed as a two stage process; first the virtual photon fluctuates into a dipole, which consists of a quark-antiquark pair (or a qqg or qqgg ... system) and in the second stage the dipole interacts with the proton. The scattering amplitude is a product of the virtual photon wave function, Ψ, with the dipole cross section, σ dip , which determines a probability of the dipole-proton scattering. Thus, within the dipole formulation of the γ * p scattering we write:
where T, L denotes the virtual photon polarization, σ γ * p T,L the total inclusive DIS cross section. In the analysis presented here we concentrate on BGK dipole model. In this model the evolution ansatz of the GBW model was improved in the model proposed by Bartels, Golec-Biernat and Kowalski, (BGK) [2] , by taking into account the DGLAP evolution of the gluon density in an explicit way. The model preserves the GBW eikonal approximation to saturation and thus the dipole cross section is given by:
The evolution scale µ 2 is connected to the size of the dipole by µ 2 = C/r 2 + µ 2 0 . The gluon density, which is parametrized at the starting scale µ 2 0 , is evolved to larger scales, µ 2 , using LO or NLO DGLAP evolution. We consider here gluon density in the following form:
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The free parameters for this model are σ 0 , µ 2 0 and the three parameters for gluon A g , λ g , C g . Their values are obtained by a fit to the data. The fit results were found to be independent on the parameter C, which was therefore fixed as C = 4 GeV 2 , in agreement with the original BGK fits.
Results from fits
In the Table 1 In the Table 2 we show dipole model BGK fits without valence quarks. In the Table 3 we show dipole model BGK fits with fitted valence quarks. In the Table 4 we show HERAPDF standard fits. In the Table 5 we show dipole model BGK fits without saturation, when dipole cross section is in the form: When we compare BGK fits from Table 5 without saturation with proper fits from we see that fits from Table 5 give much worse χ 2 /N p.
Comparision with HERA I+II data
We obtained very good description of HERA I+II data using BGK dipole model for every Q 2 . Here we show the comparision of our fit with data for a few selected Q 2 . Table 3 with HERA data.
